Questions surround the connection of luminous extragalactic masers to galactic processes. The observation that water and hydroxyl megamasers rarely coexist in the same galaxy has given rise to a hypothesis that the two species appear in different phases of nuclear activity. The detection of simultaneous hydroxyl and water megamaser emission toward IC694 has called this hypothesis into question but, because many megamasers have not been surveyed for emission in the other molecule, it remains unclear whether IC694 occupies a narrow phase of galaxy evolution or whether the relationship between megamaser species and galactic processes is more complicated than previously believed. In this paper, we present results of a systematic search for 22 GHz water maser emission among OH megamaser hosts to identify additional objects hosting both megamaser. Our work roughly doubles the number of galaxies searched for emission in both molecules which host at least one confirmed maser. We report a definitive (> 8σ) detection of water emission toward IIZw96, firmly establishing it as the second object to co-host both water and hydroxyl megamasers after IC694. We find high luminosity, narrow features in the water feature in IIZw96, evidence that at least a part of the maser emission is AGN-related. We report evidence for a water megamaser in IRAS 15179+3956. All dual megamaser candidates appear in merging galaxy systems suggestive that megamaser coexistance may signal a brief phase along the merger sequence. Our observations provide possible evidence for an exclusion of H 2 O kilomasers among OH megamaser hosts.
INTRODUCTION
MASERS (microwave amplification by simulated emission of radiation) are monochromatic, intense radio sources originating from population inversion in clouds of molecular gas. Masers occur astrophysically and are typically associated with star formation, YSOs (e.g. Johanson, Migenes & Breen 2014; see session 5, IAU Symp. 242, 2007) and late type stars in our local galaxy (e.g. Vlemming et al. 2005) . Luminous masers which are observed at extragalactic distances are termed megamasers, and widely appear in either hydroxyl (OH; mostly 1665 MHz and 1667 MHz from the hyperfine levels in the ground rotational state 2 Π 3/2 (J = 3/2)) or water (22.23508 GHz; 6 16 → 5 23 ) molecules 5 , and are typically associated with mergers, starbursting and active galactic nuclei (AGN) activity (for a review, see Lo 2005) .
Megamasers are remarkable probes of extragalactic phenomena. The parsec-scale environments around su-1 Graduate Research Assistant, CCS-2, Los Alamos National Laboratory 2 HIDRA Fellow, Brigham Young University 3 Department Chair, Department of Physics, Brooklyn College 4 Research Scientist, XTD-IDA, Los Alamos National Laboratory 5 Although methanol megamasers have been detected, e.g. Chen et al. (2015) permassive black holes have been probed (e.g. Green et al. 2013; Kuo et al. 2011; Reid et al. 2009 ) and Hubbles's constant has been constrained (e.g. Humphreys et al. 2013; Reid et al. 2013; Braatz et al. 2010; Herrnstein et al. 1999 ) through observations of extragalactic water. Hydroxyl (OH) megamasers have been utilized to trace star formation and to estimate the galaxy merger rate (e.g. Darling 2002) . Megamasers further possess the exciting potential to be diagnostics of galaxy evolution at high z where other properties of the host galaxy cannot be resolved (Pihlström 2007) .
The utility of masers has motivated an effort to predict and interpret them. Masers have low detection rates with many masing galaxies being discovered in large surveys. So far, over 4000 galaxies have been searched for 22 GHz water emission with only 150 detections and nearly 500 galaxies have been surveyed for hydroxyl emission with 120 detections (see Wagner 2013 and references therein). Many attempts to link megamasing of either molecular species to other galaxy observables have largely been met with only modest success (e.g. Darling & Giovanelli 2006; Zhang 2012; Zhu 2011 ), but significant connections have been achieved, linking OH megamasers to large dense gas fractions (Darling 2007) and water emission to high column densities (Zhang et al. 2006 ), large X-ray luminosities (Kondrakto e al. 2006 ) and high corrected [OIII]/Hβ (Constantin 2012) . By and large, OH is thought to be powered by starbursting in LIRG/ULIRG galaxies while water megamasers are usually associated with AGN (Lo 2005) with the highest occurrence of water megamasers appearing in type 2 Seyferts (Tarchi 2012) . In spite of advances, the detection rate remains low and the precise link between megamasers and global galactic processes remains something of an enigma.
Though AGN activity and starbursting frequent the same galactic nucleus (e.g. Dixon & Joseph 2011; Wild et al. 2010 ), very luminous OH and H 2 O emission were not until recently observed in the same galaxy (Wagner 2013; Tarchi 2010 ). This observation led to the hypothesis that OH and H 2 O must mutually exclude each other due to the different and respectively restrictive conditions each molecule demands for masing (see Lo 2005) . OH masers can be achieved with gas temperatures ∼ 160 K with relatively high gas density n ≤ 10 7 cm −3 , gas temperatures being lower than dust temperatures. The 6 16 and 5 23 rotational states of H 2 O can be inverted via collisional pumping (de Jong 1973) at higher temperatures (> 300 K) (Kylafis & Norman 1991 ) and yet higher densities than OH (n ∼ 10 11 cm −3 ; Deguschi 1981; Elitzur, Hollenbach & McKee 1989; Neufeld & Melnick 1991) . Lonsdale (2002) proposed that OH megamasers are destroyed as the nucleus evolves from a starburst nucleus to an AGN where water masers might appear which might explain the lack of simultaneous detections. However, water emission was subsequently discovered from multiple regions in Arp 299 including Arp 299-A (IC 694), a galactic nucleus also hosting an OH megamaser (Tarchi 2010) . Another possible dual megamaser candidate was found in IIZw96 in a tentative water detection by Wagner (2013) . It is thus unclear whether galaxies hosting dual megamasers are experiencing a particular phase of galaxy evolution (such as a transition from starburst nucleus to an AGN), whether the lack of simultaneous detections simply arises from the inherent scarcity or short duration of the phenomenon, or whether the relationship between the two megamaser species is more complicated than previous believed.
As dual megamaser hosts provide a test for the current paradigm of megamasing, such galaxies serve as critical ground for probing the phenomenon in general. The frequency of simultaneous OH and H 2 O has previously been somewhat badly constrained as many masing galaxies have yet to be searched for emission in the remaining molecule. Of the nearly 4500 galaxies searched for maser emission in either molecule, ∼ 90 have been searched for masers of both species (see Tarchi 2012; Wagner 2013) . Of those which have been searched and have emission in at least one molecule (∼ 60), the majority (38) only emit in water while 18 are only OH emitters. The number of extragalactic OH megamasers surveyed for 22 GHz H 2 O emission is thus somewhat under-sampled in the literature.
Where previous work has attempted to link megamaser luminosities with galaxy observables, ours is the first survey of which we are aware which aims to exclusively address the question of the relationship between the two megamaser species. Through a systematic search for additional objects cohosting water and hydroxyl megamasers as has been called for (Tarchi 2012) , we hope to gain insight into the factors governing dual maser emission. In this paper in particular, we investigate the de- Figure 1 . The distribution of sample galaxies in redshift z labeled by nuclei type. Seyfert-type AGN are in blue, LINER-type AGN appear in green, HII nuclei in red, and galaxies for which no NED classification was available appear in cyan. All galaxies in our survey sample were OH maser hosts. All populations in our sample are relatively well represented in redshift z.
pendency of megamaser luminosities on conditions sufficient for OH megamasers.
This paper is structured as follows. In §2, we outline our survey sample. In §3 we outline our observations. §4 contains our data reduction and analysis procedure. In §5 we discuss in turn galaxies toward which we detected 22 GHz emission. In §6, we outline the effectiveness and limitations of our survey. We present statistical results from our survey and their implications for the OH and H 2 O megamaser connection in §7 and conclude in §8.
THE SAMPLE
Our sample is taken from Tarchi et a. (2010) and consists of the subset of their galaxies which are established OH emitters observable by the GBT which had never been observed for H 2 O emission or for which significantly tighter upper limits on 22 GHz emission might be obtained. Due to observing time limitations, rise times of objects, and RFI, we carried out observations for 22 GHz emission for 47 galaxies hosting OH masers. Figure 1 summarizes nuclear activity and distribution in redshift z of sample members. Nuclear activity types are fairly well-represented in z, mitigating sensitivity biases for detections in a particular group. We note that OH megamasers are fairly uniformly distributed in galaxy activity type (i.e. HII, LINER, Seyfert), occupying roughly the same optical population as (U)LIRG galaxies (Darling & Giovanelli 2006) , so our sample is decently representative of the OH maser/megamaser population.
OBSERVATIONS
Observations were carried out at the Robert C. Byrd Green Bank Telescope (GBT) between the dates of Feb 27 and April 6, 2014 under project code AGBT14A 381. We utilized the GBT spectrometer backend and observed with two 200 MHz bands, the first band being centered on systemic velocity and the second offset by 180 MHz toward lower frequencies. Each band contained 8192 spectral channels giving a velocity resolution of 0.366 km s −1 at 20 GHz. Spectra were taken by nodding between beams 3 and 4 of the KFPA receiver every 2.5 minutes Note. -Averaged zenith opacity τ 0 over the course of observations is given at 20 GHz. Observations in a given night were between 22 GHz and 18 GHz. Zenith opacities were estimated from GBT's CLEO software.
for a 5 minute nod cycle. The telescope was pointed and focused every 30-60 minutes or whenever the telescope slewed more than a total of 10 degrees on the sky. System temperatures were typically 40-60 K. With few exceptions, observations were restricted to the upper 60
• of the sky with near horizon object observations experiencing increases in system temperatures and compromises in RMS sensitivity.
The project was granted ∼ 60 hours of telescope time divided into 8 epochs (see Table 1 ). For the most part, decent observing conditions and zenith opacities were enjoyed over the course of the observations. We encountered a bright, near geosynchronous RFI source which prevented observations of all the sources on our original list. All objects were observed in LL and RR circular polarizations which were averaged to produce final spectra. To test our setup, we successfully observed the bright water megamaser in Mrk 1029.
DATA REDUCTION AND ANALYSIS
Most data reduction was carried out with GBTIDL on NRAO Green Bank computing platforms. Local weather conditions were determined from the GBT CLEO tool, which estimates zenith opacities by averaging weather data over 3 surrounding stations. Amplitude calibration was carried out with appropriate calibrators in Ott et al. (1998) , which were used to calculate zenith opacities. Spectra were then examined band by band and flagged for obvious signs of RFI. Some observations were sufficiently damaged by RFI that no constraints on 22 GHz water emission could be achieved. Each of our nod scans in a given observation (including those across multiple nights of observation) were then averaged. Non-emitting portions of the averaged spectrum were fit with 3rd order polynomial to flatten baselines. During inspection, reference spectra were smoothed with 16 channel boxcar routine to bring out weaker features, though we found that this sometimes introduced spurious spikes in the data. All apparent signals were verified against the spectrum without reference spectral smoothing. All spectra were immediately smoothed with a 4 channel boxcar scheme which was successful in eliminating about half the noise.
Because masers detected in this paper had a distinctly non-gaussian character, line fluxes were first calculated within GBTIDL using their stats procedure, and then subsequently calculated using a numeric integrator based on Simpson's rule. We assume our survey is sufficiently sensitive to detect the flux from a ∼ 3σ peak with a Figure 2 . 22 GHz line detection toward IIZw96 after 1 hour of integration, baseline removal and 4 channel boxcar smoothing. RMS noise is 1.22 mJy. The observation of high luminosity, narrow features on the blue "hump" is new in this study. This figure was generated in GBTIDL.
FWHM of 2 km s−1 (approximately 5 channels; see Wagner 2013) . Upper limits for isotropic luminosities of masers can then be estimated with the method in Bennert et al. (2009)
where W is the sensitivity of the survey which we took as the integrated volume of our 3σ Guassian curve with a FWHM of 2 km s −1 . We estimate our errors in calibration to be between 10 − 15%.
RESULTS AND DISCUSSION
Our observations are summarized most in Table 3 . Of the 47 sources observed, we detect at least tentative water emission toward two sources and we set new upper limits for water emission on 45 galaxies, 40 of which have yet to be observed for 22 GHz emission. Throughout the remainder of this section we will discuss our two water maser detections in turn.
IIZw96
Water emission toward IIZw96 was tentatively detected by Wagner (2013) but could not be confirmed above 5σ as integration time was only 12 minutes. In Figure 2 , we present the IIZw96 feature after approximately an hour of integration. This generous observation time was sufficient to resolve the finer features of the water maser which were not previously detected. The ∼ 500 km s −1 line has a clear bimodal character in agreement with Wagner (2013) but we do not detect the two side-lobes which he saw which the author conceded may have been large baseline ripples. We obtain an isotropic luminosity somewhat smaller than Wagner (2013) at ∼ 400L but the maser remains very luminous. This difference can likely be attributed to uncertainties arising from small integration times in previous studies or possibly to short-term maser variability. Our observation confirms this detection beyond doubt (∼ 8σ) and establishes IIZw96 as the second galaxy to host formal megamasers in both OH and H 2 O species.
Though the two side features which Wagner detects are not visible in our observations, we cannot exclude the possibility that these features vary in brightness on the timescale of years as has been observed in water megamasers (see Greenhill et al. 1997) . Flaring of 22 GHz water emission could be caused by sharp increases in Xrays from an AGN (Neufeld 2000) . If these features had diminished in brightness by a factor of ∼ 10 (e.g. Galore et al. 2001) , they would have been well beneath our detection limit. The features appeared at relatively high velocities (-380 km s −1 and 420 km s −1 ) and so might be construed to be closely associated with an AGN such as on a parsec-scale disk or jet, which might subject them to such short-term variations. At any rate, these features did not appear in our observations.
Our improved signal-to-noise provides an opportunity to revisit the discussion in Wagner (2013) regarding IIZw96. The apparent line morphology in his spectra leads Wagner to draw connections between IIZw96 and the water feature in NGC 2146. With larger integration times, it is worthy of note that the line in IIZw96 now greatly resembles the line of Arp 299 itself. In Figure 6 we have plotted the water feature in IIZw96 (bottom panel) next to the feature in Arp 299 (upper panel) which is adopted from the Megamaser Cosmology Project (MCP 6 ). Both features are bimodal with approximately the same width (∼ 500 km/s) and a similar placement of narrow lines. We detected no emission in our second band so Arp 299 and IIZw96 both lack high velocity features characteristic of disk or jet water masers associ-ated with AGN. Nevertheless, the evidence for a buried AGN in IC 694 (Perez-Torres et al. 2010 ) and the possibility for a similarly obscured AGN in IIZw96 (Migenes et al. 2012) could be indicative for a dual starburst-AGN pumping mechanism for the masers in both galaxies.
IIZw96 is a complex merger between at least two galaxies. The OH megamaser is offset from obvious galactic nuclei (Migenes et al. 2012) , in a ∼ 10 9 M reddish clump of gas. Soft X-ray emission and strong IR emission lines (Goldader et al. 1997) suggests it is an extranuclear, obscured starburst, similar to that found in Arp 299 (Imani et al. 2010 ). IIZw96 strongly resembles Arp 299 morphologically: Goldader et al. (1997) observes that both galaxies possess similar projected size (10-15 kpc), are composed of distinct nuclei which are strongly interacting. Though the similarities between these objects has been celebrated in the literature, the authors find the similarity in the character of the maser emission most intriguing and strong evidence that IIZw96 is a bone fide Arp 299 "look-alike." The Goldader et al. (1997) argue that the "intermediate"IIZw96/Arp 299-like merger stage only lasts ∼ 10 Myr. This may give rise a similarly short time-scale for megamaser co-existence. Indeed, these megamasers may be signaling a precise moment in the merger evolution as gas is compressed to fuel star formation and looses angular momentum to possibly fuel buried AGN.
The line in IIZw96 notably differs from that of Arp 299 in that it has large luminosity narrow features on the bluer peak. The luminosity contained in the tallest ∼ 3 km/s feature (not including the emission from the extended base structure) is a startling ∼ 30 L , which classifies it as megamaser in its own right. While emission from the broader feature is extended in velocity space and so could be associated with star formation, these narrow features must be highly localized. We proposed that these large, narrow features are pumped by a buried AGN (Lo 2005 ) and we predict these narrow features trace outflows or jets. The absence of high velocity features gives no evidence that these are disk masers though obviously the possibility that they are systemic masers on a disk with no blue or red counterparts cannot be excluded.
Water emission in Arp 299 gains its bimodal character from emission from multiple sites within Arp 299 which are offset in velocity space (Tarchi et al. 2010) . As IIZw96 also consists of multiple nuclei, it is conceivable that water emission may originate from multiple regions within the complex merger. This may have ramifications for the maser's detectability via VLBI because if the already somewhat low flux is broken up into multiple spatial regions, longer integration times will be required to detect emission from any single region. This being said, water maser emission tends to be fairly compact especially if the maser is spatially associated with an AGN which may render such followup worthwhile.
IRAS 15179+3956
IRAS 15179+3956 has recently been observed for water emission (Wagner 2013 ) though integration times were short enough that follow up in this survey was justified. Unfortunately, our nearly 1 hour of observations on IRAS 15179+3956 was badly damaged by RFI with an RFI signal appearing close to the systemic velocity. . Spectrum is smoothed 4 channels with a boxcar routine. The systemic velocity is indicated with a blue arrowhead. The rms noise over the entire band is 1.18 mJy. This figure was generated in GBTIDL.
After meticulous flagging of the data, a ∼ 70 km s −1 feature still appears above the noise (Figure 4 ) offset from the systemic velocity by ∼ 100 km s −1 . The precise luminosity of the source and the confidence of the detection cannot be naively estimated using the RMS of the band and the height of the peak as both the line volume and its height may be affected by correlations in the spectral data (i.e. ripples in the band). Indeed the feature could be a statistical blip atop an pronounced baseline ripple. Using basic integration techniques over the spectra gives a very bright water maser with an isotropic luminosity ∼ 130 L which is in conflict with previous observations (Wagner 2013) .
To investigate the legitimacy of the signal, we modeled the noise in the spectrum. Noise modeling is used frequently when attempting to discriminate a weak signal from detector noise to quantify the confidence of detection (e.g. Zemcov et al. 2014) . This is usually carried out by carefully characterizing the noise in electronics and machinery of the detector. Here, we use a bootstrapping method, i.e. using the noise in the spectrum itself, to make consistent random realiations of the noise.
First, we confirmed the noise in the band to be Gaussian by verifying that the mean and skewness of the distribution is consistent with zero. Next, we quantifies correlations in the noise that might yield a false detection if one is not careful. For this we calculated the power spectrum of the dataset that revealed strong correlations in the underlying noise with power in the larger frequency (velocity) scales consistent with what one expects from harmonics in the KFPA receiver. We also broke the spectrum into 4 quadrants and verified that this harmonic ringing is robust across the whole data set. Next, we created Gaussian realizations of the spectrum consistent with the correlations of the data to determine how likely such random fluctuations could yield a false detection. We produced 100,000 simulated random spectra for this analysis. To demonstrate the effectiveness of this method in reproducing the character of the noise of the observations, we include three sample spectra in Figure 5 . Of those spectra which we simulated, only one in 120 achieved peak luminosities as large as our signal, implying strong evidence at 2.9σ that our signal is real. We thus present the feature in Figure 4 as a tentative detection of water emission in IRAS 15179+3956. . Three simulated realizations of GBT KFPA noise after 4-channel smoothing generated from our bootstrap modeling method of the observation toward IRAS 15179+3956. 100,000 such KFPA noise spectra were generated and compared to our observation spectrum which determined the feature to be 2.9 ± 0.3σ detection.
If IRAS 15179+3956 contains a water maser, we must explain the non-detection in the most recent survey. Wagner (2013) provided a tight upper bound on isotropic maser luminosities in IRAS 15179+3956 of 16.92 L . A 130L maser is a full order of magnitude brighter than that estimated in previous work. The feature could be a good deal less luminous, however, as it seems to appear atop a baseline bump. Fitting a gaussian to the peak ∼ 4 km s −1 feature gives a luminosity of 12 L which would be consistent with prior observations. Measuring the luminosity of the full 70 km s −1 feature from the base of the swell, rather from the 0 mJy baseline still gives a bright feature at 65 L . With an integration time of ∼ 15 minutes, Wagner achieved an rms noise of 2.9 mJy before smoothing, which is comparable to the peak luminosity of the water feature in IRAS15179+3956. If the feature appeared in a baseline trough (e.g. Figure 5 , middle panel) as could be characteristic of such observations, the signal would have been lost. Previous observations also took place nearly a year before ours, giving time for possible variability in the feature to render it detectable in our survey. If Wagner's upper bound is strict, our de-tection corresponds to a 5 − 10-fold increase in maser luminosity which, though large, has been observed in some nuclear water masers. Finally, we cannot exclude the possibility that the feature is RFI related in spite of our meticulous efforts to eliminate such signals during flagging. The feature in IRAS 15179+3956 fails to qualify as a formal 5 − 7σ detection. There are good reasons to believe IRAS 15179+3956 is a legitimate detection, however, including the fact that the galaxy's morphology and nuclear type conform to other dual megamaser hosts. We will discuss this in greater detail in §6.
IRAS 15179+3956 is a merging system with a HII nucleus. If we accept this detection, IRAS 15179+3956 is the third (or 4th after the questionable case of UGC 5101) galaxy hosting dual megamasers to take place in a merger remnant with separated nuclei. Optical diagnostics place both its north and south nuclei as HII-type as is also the case with IC 694 and IIZw96. If our detection is legitimate, the evidence is suggestive that OH and H 2 O megamasers may trace very particular galactic conditions related to mergers or perhaps signal a brief phase of galaxy evolution along the merger sequence. As we only have a sample size of 2 or 3, this conclusion can be warranted without both followup on IRAS 1519+3956 as well as the detection of additional galaxies cohosting OH and H 2 O megamasers.
EFFECTIVENESS OF THE SURVEY
A survey for H 2 O emission among OH megamaser hosts poses a problem in that OH megamasers are spread more widely in z, rending maser emission more difficult to constrain. In Figure 6 , we plot detection limits of our survey as a function of z for 3σ Gaussian peak with 2 km s −1 FWHM assuming a 1, 2 and 4 mJy rms noise over the entire 200 MHz band. Superposed on this are the individual upper limits of the masers in our sample, variations in upper limits being derived from system temperatures and differing integration times (30 − 60 minutes). The location of our two megamaser detections are indicated as crosses. One will note that at very high z (z ∼ 0.3), our survey will only be effective in observing masers with L H 2 O /L 400. Though such water masers are inherently rare (see Bennert et al. 2009 ), very luminous water megamasers at high z have been detected. With only a few exceptions (IRAS 10039-3338, IRAS 11010+4107, IRAS 11506-3851, IRAS 12243-0036, IRAS 15065-1107, IRAS 15247-0945), our survey is insufficient to eliminate galaxies in our sample as water megamasers (L/L > 10).
Very luminous water masers tend to be associated with AGN activity, tracing outflows, molecular disks or jets and so may have a velocity far (1000s of km s −1 ) displaced from the systemic. At 20 GHz our 200 MHz bands span a velocity of range of ∼ 3000 km s −1 centered on the systemic velocity. Our second 200 MHz offers similar velocity coverage toward lower frequencies overing a total velocity coverage of about (-4500 km s −1 , +1500 km s −1 ). In this particular regard, our observations are identical to water observations of e.g. Braatz (2008) . If some cases, RFI prevented full use of the band, so upper bounds on emission were determined from portions of the band near the systemic velocity (see notes on Table 3 ). In these special cases, our upper bounds do not constrain emission of possible high velocity features.
As mentioned in §5.1, maser luminosities of AGNpumped water masers can vary dramatically on the timescale of years. We cannot exclude the possibility that a fraction of our nondetections arose from missing maser flares. The upper bounds presented here inherit this standard caveat associated with surveys for 22 GHz water emission.
With a global detection rate of ∼ 3% across all galaxies surveyed in the literature and ∼ 10% detection rates among Seyfert-type galaxies, we might naively estimate the number of detections to be ∼ 1 − 2 maser detections with ∼ 1 detection toward a Seyfert-type nucleus. Though the detection of 2 sources is in good agreement with this estimate, these figures do not account for probabilities of detection based on redshift z. To gain a more robust estimate of the number of galaxies we might expect emission toward, we note that the number of detections N det depends on the true probability of a galaxy hosting water emission P H 2 O as
where L is in units of isotropic solar luminosities, z min , z max are the minimum and maximum redshifts in the survey, Φ H 2 O (L, z) is the normalized H 2 O megamaser luminosity function, n(z) is the number of galaxies with redshift z and L RMS is the minimum H 2 O maser luminosity detectable by our survey out to redshift z and is given by
for low z, where X is the sensitivity of the survey in Jy km s −1 , H 0 = 73 km s −1 Mpc −1 and all other constants assuming their usual meanings. Estimating P H 2 O to be the current water megamaser detection rate gives a lower bound on number of detections we might expect. After discretizing (2) in z and letting X be the volume of gaussian with 3σ peak with 2 km s −1 and taking σ to the RMS for the band after 4 channel boxcar smoothing, we estimate that we should detect ∼ 2.06 masers if we use the data from the maser luminosity function in Bennert (2009) . This estimate assumes that the maser luminosity function does not evolve strongly with z, an assumption which is not expected to be good over a large range in z and that detection is independent of galaxy properties. Both the simpler estimate and the estimate just provided are consistent with the results of our survey whether or not our detection toward IRAS 15179+3956 is considered.
THE OH AND H 2 O MEGAMASER CONNECTION
Previous to this study, approximately 61 galaxies had been searched for both OH and H 2 O emission which also showed emission in one of the two molecules. With 43 observations of galaxies which have never previously been observed, our study nearly doubles this number. In particular, previous to the present study, 35 objects which had been searched in both molecules showed emission in only water while only 18 galaxies showed only hydroxyl. Now a total of 103 galaxies have been searched for emis- Figure 6 . Isotropic water maser luminosity upper limits for our survey plotted against redshift z. Open circles correspond to H 2 O non-detections. The dashed, solid and dot-dashed curves are the sensitivity limits of 1, 2 and 4 mJy rms observations for a ∼ 2 km s −1 (∼ 5.5 channel) feature. Our survey is only effective at constraining very luminous maser emission at higher z. Maser detections, including our tentative detection toward IRAS 15179+3956, are indicated with black crosses.
sion in both molecules and show emission in at least one maser species, 60 of these being established OH maser hosts.
Previous studies have included UGC 5101 as a possible dual megamaser. A very luminous water maser was detected toward UGC 5101 (Martin 1989), which has not been detected in followup observations (Baan et al. 1992) . We re-reduced VLBI 1665 MHz observations (VLBA project VLBA VSN000352) of UGC 5101 and were unable to either find a line or to image the emission. Of the tentative detections discussed, UGC 5101 is the only maser observation where follow up observations were unsuccessful in detecting a signal. For these reasons, we omit UGC 5101 in our analysis, but will provide some discussion on how our results change if the questionable case of UGC 5101 is considered.
In the bottom panel of Figure 7 , we plot a "Baldwin, Phillips & Terlevich" (BPT) diagnostic panel for as many galaxies in our sample as have values for optical spectroscopy line values available in the literature (Lozinskaya et al. 2009; Darling & Giovanelli 2006; Veillux et al. 1999; Zenner & Lenten 1993; Garcia-Marlin 2006; Baan et al. 1998) . Plus symbols represent OH maser hosts for which no water was detected. In this figure, IRAS 16399-0937 has been included twice as the location of the OH megamaser is unknown (Sales et al. 2014) . Blue and inset red triangles mark positions of galaxies with dual masers, the size of the triangles being proportional to log[L/L ] for water and hydroxyl respectively. The dashed line is Kauffman et al. (2003) demarcation line distinguishing starburst galaxies from AGN. The solid line is the demarcation criterion from Kewley et al. (2001) which has been termed the "extremestardust" line. With the exception of UGC 5101, all galaxies hosting dual megamasers are classified as HII nuclei. In the upper panel of Figure 7 , [NII]/Hβ is plotted against OH maser luminosity for galaxies with water detections (red) and galaxies without water detections (black). A KS test in log([OIII])/Hβ between dual [NII]/Hα for the general population of OH megamaser galaxies (black; r 2 = 0.03) and for OH galaxies co-hosting H 2 O (red; r 2 = 0.47). Dot dashed and dashed lines are least-squares fits for sole OH emitters and dual maser hosts respectively. Lower panel: BPT diagnostic tool diagram for as many OH megamaser host galaxies in our survey for which [OIII]/Hβ and [NII]/Hα existed in the literature (see text). Plus symbols are OH megamasers for which no water maser emission was detected. Maser emission toward all known dual maser hosts are represented as triangles with the relative size of the triangles proportional to the isotropic luminosities of water (blue) and hydroxyl (red) emission. Note that in all cases of megamaser coexistence, water emission is more luminous than hydroxyl. masers and OH maser hosts does not exclude the possibility that the two may be drawn from the same distribution (p = 0.39) while a test in log([NII])/Hα gives p = 0.089. All dual megamasers (with the exception of the questionable UGC 5101) are HII nucleus type. This finding is not influenced by a sensitivity bias as our sample galaxies are roughly uniformly distributed by nuclear type in z (see Figure 1) .
OH maser luminosity is uncorrelated with [OIII]/Hβ and [NII]/Hα (r 2 = 0.03; see upper panel of Figure 7) . A stronger negative correlation in [NII]/Hα is evident in the subset of OH masers which host H 2 O (r 2 = 0.47). This could be due to the small number of dual megamasers compared to OH masers. When UGC 5101 is included, the correlation coefficient shrinks (r 2 = 0.18) though a negative data trend persists. No compelling correlation for either group appears in [OIII]/Hβ.
The upper panel of Figure 7 strongly suggests that sole OH emitters and dual megamasers are distinct populations. A KS test in OH maser luminosities between galaxies hosting both OH and H 2 O and galaxies solely hosting OH strongly suggests that OH maser luminosities in each group are not drawn from the same population (p = 5.0 × 10 −7 ). OH masers cohabitating a H 2 O megamasing galaxy are systemically less luminous than sole OH emitters. In every case, OH is less luminous than its H 2 O counterpart. This suggests that OH and H 2 O masing are not independent phenomenon. Conditions sufficient for water masing are not conditions conducive for typically luminous OH emission.
Though 10 Seyfert-type galaxies were searched, no maser emission was detected toward these objects. As the global maser detection rate is ∼ 10% among such objects, we would have expected 1 detection. If the search process were purely Poisson, the probability of no detection is ∼ 35%, which is insufficient to argue a deviation in the statistics of searches among Seyferts hosting OH from those of general galaxy samples.
In Figure 8 , we plot all galaxies searched for both OH and H 2 O emission in OH vs. H 2 O maser luminosity space. Objects appearing in red are OH megamaser which have never previously been observed in the literature. Yellow circles corresponding to OH megamasers which have been observed previously but for which tighter upper bounds were achieved in this study. Upper limits in emission in OH and H 2 O are indicated by horizontal and vertical arrows respectively.
Tarchi (2010) noted a lack of H 2 O kilomasers in OH megamaser hosts though they mention this could be due to a sensitivity bias. 4 OH kilomasers were found to accompany extragalactic water in 28 galaxies searched for masers in both molecules. With our new data, zero out of 19 galaxies host water kilomasers. A straight-forward 2 porportion Z test returns 95% confidence that water kilomasers accompany extragalactic OH less often than OH kilomasers accompany extragalactic water. Three of 19 galaxies hosting water megamasers host OH compared to the 0 of 12 OH megamaser hosts hosting water, giving 92% confidence that dual megamasers appear more often in Quadrant (Q) III than I. Before we can assert this as evidence that OH excludes H 2 O kilomasers, we must observe that QIII is much better sampled than QI in sensitivity. If we define the augmented sample size N s in each quadrant as N s = S i − S min , where S i is the logarithm of the sensitivity of the observation in a given quadrant, S min is the leaser upper bound on a detection in QIII (S min = −2L ) and the sum is taken over all observations in the quadrant, we find that N s;QIII = 10.1 where N s;QI = 2.06. These numbers provide a rough parameter of the "effective sampling" of these regions. When this is taken into account, a two-proportion Z test fails to reject the hypothesis that there are equal occurrences of kilomasers in III than I with p = 0.20. Future studies will have difficulty constraining a statistical difference between QI and QIII for several reasons. First, because OH megamasers are spread more widely in z longer observation times, on average, will be required to sample QI to the extent of QIII. Second, the extragalactic OH maser luminosity function is more top-heavy than the H 2 O luminosity function, i.e. a given luminous OH maser is Note. -Maser luminosities adopted from this work, Tarchi et al. (2010) and Wagner (2013) . Italicized entries have been reported in the literature as tentative detections. IIZw96 was confirmed in this study. more common than an H 2 O maser of the same luminosity. Finally, OH masers are statistically more likely to be found than H 2 O masers. The contributions of the final two points will need to be disentangled from low water kilomaser detection rates in QI to constrain an exclusion of low luminosity H 2 O masers in OH hosts. Until QI is better sampled, no conclusions regarding the absence of H 2 O in OH megamaser hosts can be drawn. Note also that in Figure 8 , water emission in low-luminosity OH megamasers is unconstrained due to a dearth in such objects (Darling & Giovanelli 2002) except, interestingly, the two cases of low-luminosity maser coexistence in M82 and NGC 253.
We find no statistical difference in our water maser detection rate (3 − 5%) among OH hosts and the rate of the rest of the literature combined (3.7%). However, it should not be understood that the probability of finding either OH and H 2 O in a given galaxy are disjoint and that the general lack of simultaneous detections is from small probabilities of detecting each maser individually. If this were the case, we would have expected OH luminosities among sole OH maser hosts and dual OH-H 2 O host galaxies to be distributed similarly in luminosity space. This is not what we observe which strongly suggests an interplay between the two maser species.
So far all galaxies co-hosting dual megamasers, including tentative detections such as IRAS 15179+3956 or UGC5101 are merger remnants. If one excludes UGC5101, all dual megamasers are merging galaxies with spatially distinct nuclei which are optically classified HIItype. This trend changes when all dual maser hosts are considered (see Table 2 ). The remarkable similarity between the character of the spectral feature in Arp 299 and IIZw96 deserves further investigation. Though Arp 299 and IIZw96 do not fill the literature space of all dual megamaser hosts, these are the only two confident detections of the phenomenon. If IIZw96 is not the only other system to host dual megamasers, it may be another site to investigate an Arp-299 look-alike and the curious phenomenon of dual megamasing.
CONCLUSIONS
We have reported on a systematic search for 22 GHz water emission in established OH megamaser hosts with the Robert C. Byrd Green Bank Telescope (GBT). Our ∼ 60 hour survey of 47 sources nearly doubles the number galaxies now searched for both OH and H 2 O emission Tarchi (2010) , dual megamaser galaxies appear as triangles. Blue triangles are sources dual megamasers from Tarchi (2010) . Circles or triangles with yellow filling are objects which have been previously observed in the literature (e.g. Tarchi 2010; Wagner 2013) and which were observed again in this study. Symbols with red filling are galaxies which have never been observed previous to this study. The sensitivity of our survey does not eliminate many galaxies as H 2 O megamaser candidates by Tarchi's criterion (log(L H 2 O /L ) > 1.0, i.e. many galaxies have upper limits appearing in quadrant IV), but a sufficient number are eliminated to allow a limited comparison between quadrants I and III.
with confirmed emission in at least one molecule. This effort is additionally significant because many galaxies searched for emission in both molecules are established water masers leaving many OH megamasers un-probed. We confirm to > 8σ the previously tentative water maser detection toward IIZw96. IIZw96 has been noted several times in the literature to be a Arp 299 "look-alike." (e.g. Imani et al. 2010; Goldader et al. 1997) , and, on top of both being rare hosts of megamasers in both OH and H 2 O, we find the character of the emission between Arp 299 and IIZw96 greatly resemble one another. We resolve multiple, luminous narrow water features toward IIZw96 which is suggestive of an AGN-pumped maser, though high velocity features associated typical of AGN (e.g. disk masers) are lacking. We also tentatively detect water emission toward IRAS 15179+3956, another merging system with an HII nucleus. Our study the total number of galaxies co-hosting OH and H 2 O megamasers up to 4 and the number of galaxies host masers of both species up to 10, if one includes the debated detection toward UGC 5101. The morphological similarities in the water line between IIZw96 and Arp 299 could mean that dual megamasing may trace very specific galactic processes or a phase in wet major mergers and provides another vital site to investigate dual megamasing.
Our survey is sensitive enough to eliminate 6 galaxies as H 2 O megamaser (L/L > 10) candidates. These detections leave us unable to statistically verify a lack of H 2 O kilomasers among OH megamaser host, though we estimate our confidence that there are more OH kilomasers in H 2 O megamaser hosts than the converse to be 80%. All dual megamaser hosts are HII type (with the exception of UGC 5101) and are galaxy mergers with spatially distinct nuclei. Note. -Boldfaced entries represent detections. Italicized objects have been observed previously, but this study provies tighter upper limits for water megamasers. Galaxy classifications, coordinates and redshifts were adopted from NED database. Hydroxyl megamaser luminosities adopted from Tarchi et al. (2010) and Wagner (2013) . † RFI damaged portion of spectrum at frequencies displaced more than 500 km/s from systemic velocity. This constraint assumes no high-velocity features.
